Dune convergence/divergence controlled by residual current vortices in the Jade tidal channel, south-eastern North Sea by Kubicki, Adam et al.
Article, Published Version
Kubicki, Adam; Kösters, Frank; Bartholomä, Alexander
Dune convergence/divergence controlled by residual
current vortices in the Jade tidal channel, south-eastern
North Sea
Verfügbar unter/Available at: https://hdl.handle.net/20.500.11970/105160
Vorgeschlagene Zitierweise/Suggested citation:
Kubicki, Adam; Kösters, Frank; Bartholomä, Alexander (2016): Dune
convergence/divergence controlled by residual current vortices in the Jade tidal channel,
south-eastern North Sea. S. 47-58.
Standardnutzungsbedingungen/Terms of Use:
Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewährten Nutzungsrechte.
Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
























net	 transport	with	minor	oscillations	of	symmetrical	dunes	at	 the	apex.	Applying	 the	numerical	Un-
TRIM	model	 for	 the	 simulation	of	 the	 fair-weather	hydrology,	 a	 simplified	map	of	 residual	 current	
vectors	over	the	dune	field	was	generated.	The	residual	flow	vectors	are	found	to	perfectly	match	the	





Subaqueous	dunes,	called	also	marine	sand	waves,	are	one	of	 	 the	most	 fascinating	sediment	ary	
features	on	continental	 	shelves.	They	are	defined	as	 flow-transverse	bedforms	with	wavelengths	
exceeding	0.6	m	and	heights	greater	than	0.075	m	(Ashley1990	).	It	is	well	documented	that	dune	
morphologies	 tend	 to	 adjust	 to	 changing	 hydrological	 conditions	 until	 a	 dynamic	 equilibrium	 is	





plying	 equally	 to	 unidirectional	 currents	 (rivers,	 geostrophic	 flows)	 and	 reversing	 tidal	 currents	




between	the	 local	flood	and	ebb	flow	velocities	which,	 in	simplified	form,	 is	also	expressed	 in	the	
residual	tidal	flow	pattern.	Moreover,	 local	seabed	 topography	can	greatly	 influence	the	flow	pat-
tern,	especially	in	meandering	channels	(Hughes	2012).	






2012).	 The	 line	 separating	 the	 ebb-	 and	 flood-dominated	 parts	 is	 called	 the	 zone	 of	 zero	 net	
transport,	also	known	as	 a	bedload	convergence	zone.	This	 line	 is	mostly	sharp	and	only	 in	 rare	
cases	accompanied	by	symmetrical	dune	bodies	(e.g.	Le	Bot	and	Trentesaux	2004;	Barnard	et	al.	
2006;	Gómez	 et	 al.	 2010;	 Fraccascia	 et	 al.	 2016),	 let	 alone	 head-on	 dune	 convergence	 (e.g.	Van	





investigate	 the	 underlying	mechanisms	 of	 bedload	 convergence/divergence.	The	 dune	 field	was	
monitored	 for	 ͸	 years	 (January	 2006–October	 2011)	 by	 repetitive	multibeam	 echosounding	 ac-
companied	by	sidescan	sonar	mapping	calibrated	by	grab	samples	in	the	closing	12	months.	In	or-
der	to	understand	the	characteristic	distribution	of	residual	current	vectors,	a	numerical	model	was	






ymetric	 data	 acquisition	 exploded	 by	 the	 development	 of	multibeam	 echosounders	 for	 seabed	
mapping	as	well	as	LiDAR	techniques	for	mapping	the	topography	of	intertidal	areas.	Nonetheless,	













tidal	cycle.	The	specific	aims	of	 the	present	study	were	 (1)	 to	document,	 for	 the	 first	 time,	dune	
head-on	convergence	 in	 a	 large	 tidal	channel	 at	high	 temporal	 and	spatial	 resolution,	 and	 (2)	 to	
provide	a	plausible	explanation	of	the	mechanism	controlling	this	phenomenon.	
Physical	setting	
The	 Jade	 is	 a	50-km	 long,	slightly	meandering	 tidal	channel	 located	 in	 the	south-eastern	German	
Bight.	It	is	a	natural	waterway	to	the	harbours	of	Wilhelmshaven,	which	include	the	largest	German	




time	span	between	 the	surveys	 is	never	 longer	 than	 ͳ	month.	To	maintain	 the	design	depth,	 the	









below	 SKNLAT	 .	The	 eastern	 flank	 in	 the	vicinity	of	 the	 lighthouse	 is	used	 as	 a	dump	 site	 for	 the	
dredge	spoil	 from	 the	navigation	channel.	Over	11	million	m3	of	sediment	were	disposed	of	here	

















(Table	1).	The	survey	area	was	expanded	compared	 to	earlier	studies	 in	 this	region	(Kubicki	and	
Bartholomä	2011)	 in	order	 to	also	 investigate	 the	eastern	 flank	of	 the	 Jade	 tidal	channel	and	 the	
vicinity	of	the	Mellum	 lighthouse	up	to	a	water	depth	of	ͷ	m,	which	is	the	vessel’s	safe	under-keel	







erage	 of	 the	 area	was	 therefore	 achieved	 only	 by	 the	 sidescan	 sonar,	whereas	 the	 bathymetric	
swaths	were	 separated	by	 regular	 gaps.	This	was	visible	 especially	 in	 the	 shallow	water,	where	














no	 longer	be	traced	at	the	chosen	time	 interval.	The	crests	of	 large	dunes	were	also	clearly	recog-
nisable	on	sonographs	due	to	morphology-induced	contrasts	 in	backscatter	records.	This	allowed	
delineating	crests	even	where	swath	bathymetry	lacked	coverage.		
The	monthly	bathymetric	 surveys	 for	 fairway	monitoring	performed	by	 the	WSAWilhelmshaven	





archived.	For	 the	purpose	of	 the	present	 study,	32	 available	datasets	 collected	between	 January	
2006	 and	October	2010	were	used	 (see	Fig.	2a,	 location	A).	Based	on	 these	data,	digital	 terrain	
models	 (DTMs)	were	generated	 for	 time	 intervals	spanning	periods	of	 ʹ	weeks	 to	 ͹	months	be-
tween	 individual	 surveys.	After	 assigning	 the	 same	 colour	 scale	 to	 the	bathymetry	values,	 a	 32-
frame	movie	was	generated	which	highlighted	any	changes	 in	 the	 lateral	positions	of	 the	 large	 to	
very	large	dunes	in	the	survey	area	(see	Electronic	supplementary	material	available	online	for	this	
article).		
In	addition,	 a	 sediment	distribution	map	was	compiled	after	calibrating	 the	sidescan	backscatter	

















samples	were	 analysed	 in	 the	 laboratory	 after	 standard	desalting	by	dialysis	 and	separating	 the	
volume	 into	gravel,	sand	and	mud	fractions.	Gravel	fractions	(grain	size	>2	mm)	were	sieved	me-
chanically,	whereas	the	sand	fractions	(grain	sizes	between	2mm	and	63	μm)	were	analysed	by	a	
settling	 tube	(MacroGranometer;	Brezina	1979)	and	 the	mud	 fractions	(grain	sizes	<63	μm)	by	a	
Sedigraph	III	(Micromeritics,	Inc.).	The	results	were	combined	 into	grain-size	distribution	plots	at	












area	with	more	recent	measurements	 from	October	2010.	Themodel	 is	set	up	as	 a	process	study	
with	application	of	realistic	forcing.	Wind	stress	at	the	surface	was	obtained	from	the	operational	
German	National	Meteorological	Service	(DWD)	weather	forecast	model	(COSMO/LM,	e.g.	Doms	et	














the	 AlteWeser	 offshore	 gauge),	 and	 the	 last	 ʹ	weeks	were	 used	 for	 analysis	 of	 a	 characteristic	
spring–neap	cycle.	Salt	transport	was	taken	into	account	




analysed	 for	 this	study.	For	each	computational	node	 in	 the	model,	 the	 flood	and	ebb	 tides	were	
determined	and	an	average	flood	and	ebb	tidal	current	velocity	was	calculated.	In	addition,	the	cur-
rent	velocity	for	each	node	was	summed	over	a	full	tidal	cycle	and	subsequently	averaged	for	the	










The	shallowest	parts	of	both	 flanks	are	composed	of	 fine	sand	(2–3	phi),	 in	each	case	coarsening	
towards	the	channel	thalweg	up	to	grain	sizes	ranging	between	mediumsand	and	gravel.	Bedforms	















solidated	 clay	 surface	 (dots)collected	 in	August	2011	 (see	Fig.	2a,	 location	C).	 Sediment	
samples	are	from	February	2010and	the	plastic	container	are10	cm	high.	Vertical	exagger-
ationof	 the	 cross-section	 ~15×.	 b	 3Dview	 of	 these	 dunes	 recorded	 bymultibeam	 echo-































sistently	 in	April	2011	 to	 trace	any	changes	 in	dune	positions	and	 to	verify	 the	assumption	 that	
asymmetries	are	induced	by	modern	hydrological	conditions.	Once	the	migration	paths	were	veri-

































gence	of	opposite	migration	paths	was	 located	exactly	below	 the	 fairway.	Bathymetric	data	 from	
the	fairway	monitoring	surveys	further	corroborated	these	observations.	Thus,	a	series	of	32	con-
secutive	DTMs	based	on	data	collected	between	 January	2006	and	October	2010	confirmed	con-
stant	movement	of	dunes	 in	opposite	directions,	as	 illustrated	 in	Fig.	6.	Datasets	 from	April	and	
































































areas.	 In	 the	present	study,	however,	 this	shortcoming	 is	compensated	by	a	unique	dataset	of	35	
highresolution	bathymetric	 surveys	 spanning	 ͸	years.	These	data	 show,	without	 any	doubt,	 that	
bedform	migration	occurs	independently	of	storm	events.	The	large	to	very	large	dunes	in	the	study	









the	measured	 friction	velocities	were	able	 to	mobilise	even	 fine	gravel.	 In	 that	case,	 the	dune	re-
sponded	to	the	daily	tides	by	an	up-crest	coarsening	trend	in	sediment	sorting—a	feature	also	ob-


















uted	by	 the	 tidal	currents.	This	hypothesis	 is	strengthened	by	the	observation	 that	dunes	 located	
south	of	the	 lighthouse,	up-stream	with	respect	to	residual	current	vectors,	are	 lower	and	shorter	
















Due	 to	 the	 local	 channel	 topography,	 a	 complicated	 pattern	 of	 residual	 currents	 has	 developed,	





physically	consistent	way	using	characteristic	 tidal	parameters.	A	major	result	of	 the	study	 is	the	
fact	that	the	transport	vectors	derived	from	tracing	the	crest	lines	are	in	ideal	agreement	with	the	
residual	 current	 vectorsmodelled	 for	 fair-weather	 conditions.	 Thus,	 the	 locations	 of	 the	 largest	
dunes	coincide	with	the	highest	residual	currents,	which	are	 locally	ebb-dominant.	Smaller	dunes	
also	clearly	migrate	in	the	direction	of	the	residual	currents.	Because	the	modelled	current	veloci-
ties	 lack	detailed	validation	 for	the	2010	bathymetry,	 they	should	 in	 the	 interim	be	treated	as	an	
approximation.	The	sedimentological	data,	on	the	other	hand,	provide	multiple	indicators	that	criti-
cal	velocities	for	mobilising	coarse	to	very	coarse	sand	are	exceeded	during	everyday	tidal	action.	




In	 the	 study	 area,	 the	neighbouring	 counter-rotating	vortices	have	 resulted	 in	dunes	 converging	
along	one	axis.	Interestingly,	no	sediment	accretion	is	observed	at	the	point	of	convergence	in	the	
course	 of	 the	 ͸	 years	 of	monitoring	 (Fig.	 6).	Moreover,	 even	 a	 buffer	 zone	 of	 ca.	 200	 m	 radius	
around	the	convergence	point	remained	relatively	stable,	being	characterised	by	symmetrical	dune	
bodies	 and	only	minor	 shifts	 in	 the	positions	of	dune	 crests.	 In	 combination	with	 the	numerical	
model	results,	the	westward-directed	flow	vectors	at	the	centre	between	the	two	counter-rotating	
vortices	suggest	that	the	sediment	bypasses	in	that	direction,	although	this	could	not	be	verified	on	








It	can	 thus	be	hypothesized	 that	 the	sediment	 trapped	by	 the	opposing	 residual	current	vortices	
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